Pavlos MSAOUEL, et al.: Validation of the Greek ERI Questionnaire vals 1.39 to 8.38, p=0.007, respectively).
need for social approval and esteem. A number of recent studies have shown significant associations of job stress, as predicted by the ERI model, with health outcomes and objective physiologic measures such as increased likelihood of coronary heart disease [3] [4] [5] , cortisol dysregulation 6) and decreased salivary immunoglobulin A levels 7) among employees exposed to effort-reward imbalance. These data support the utility of the ERI model in elucidating the health effects of occupational stress.
The three ERI components can be measured by an established 23-item questionnaire that uses Likerttype response options 8) . This questionnaire utilizes a two-step procedure in answering the questions measuring effort and reward whereby respondents are first asked to indicate whether an item describes a typical experience in their work situation, and those who answer "yes" are then asked to specify, on a 4-point Likert scale, the extent of their distress by that experience. This information is ultimately reduced into a uniform 5-point Likert scale for each item. On the other hand, the overcommitment component is measured using a 4-point Likert scale ranging from strongly disagree to strongly agree. Recent methodological evidence 9) has suggested that a 4-point Likertscaled response that simply has one dimension with four answers ranging from strongly disagree to strongly agree in the items measuring effort and reward can provide results that are highly comparable to those obtained with the two-step procedure. This simplified procedure may also produce less missing data. Thus, Siegrist et al. 10) recently proposed to uniformly apply the 4-point Likert scheme used in the overcommitment component in all three scales of the ERI questionnaire.
The Greek labor market is currently facing a manifold crisis and is in need of urgent reforms 11) . A number of interventions aimed at increasing competitiveness and labor market flexibility are currently being implemented. These conditions may, however, also increase job instability and reduce wages, labor benefits and pensions. Furthermore, the Greek economic system has traditionally been encumbered with inequities in social and institutional exchange as well as procedural and relational injustices 11) . The ERI model assesses several of these factors and, furthermore, it disentangles the extrinsic (structural) from the intrinsic (personal) components of the psychosocial conditions that may affect occupational stress. In addition, the ERI paradigm is more linked to macroeconomic labor market conditions and addresses issues of distributive justice and fairness 8, 12) . Therefore, the ERI model may be particularly useful in assessing and addressing work stress and its adverse effects among Greek workers. A number of recent studies have demonstrated the high prevalence of occupational stress and burnout among Greek health professionals 13, 14) . These results justify further evaluation of the psychosocial work environment of Greek health professionals using the ERI model.
The aim of the present study was to adapt the ERI questionnaire into the Greek language and to investigate its internal consistency and psychometric properties in a sample of Greek health-care workers. To our knowledge, this is the first application of the ERI questionnaire in the Greek language. The Greek version of the ERI questionnaire uses the simplified uniform 4-point Likert scale format to measure all three ERI scales. A secondary aim was therefore to evaluate the factorial structure of this simplified instrument. Moreover, we assessed the association of the extrinsic effort and reward imbalance and of the overcommitment scale with self-reported health.
Materials and Methods

Participants and data collection
We conducted a cross-sectional study on Greek health professionals (physicians, nurses, physiotherapists and laboratory technicians). Based on the commonly accepted rule recommending a sample of at least 10-15 subjects per questionnaire item to achieve adequate power for factor analysis 15) , we determined that at least 345 fully completed questionnaires would have to be collected for the purposes of our study. Prior response rates in surveys conducted by our group ranged between 77.8-90.9% 14, 16) . We therefore administered the Greek ERI survey to 600 health professionals anticipating that even a lower than expected response rate of 60% would provide 360 completed responses. The questionnaire was administered to physicians, nursing and laboratory staff randomly chosen from 9 major Greek hospitals (1st I.K.A., 251 G.N.A., Aglaia Kyriakou, Alexandra, Asklipiio, Evangelismos, K.A.T., Metaxa hospitals of Athens and AHEPA University Hospital of Thessaloniki) representing 2 large Greek cities (Athens and Thessaloniki). The questionnaire was also administered to physiotherapists participating in two separate physiotherapy scientific meetings. The questionnaires were distributed personally by the research team. Participation was elective, and all participants were approached during breaks from work or training, were informed that responses would be fully anonymous and were blinded to the scope and purpose of the study. The participants were asked to return the completed questionnaires to a sealed box provided in each hospital or scientific meeting. A total of 525 questionnaires were returned (participation rate 86.9%). Questionnaires with missing data on the ERI items (n=69) were excluded from the study analysis (456 questionnaires included in the analysis; final response rate 76%). Table 1 lists the respondents' demographic profile and occupations.
Ethical considerations
The study complied with Greek requirements for survey studies and received ethical approval from the Scientific committee of K.A.T. Hospital (protocol no. 2306/11-2-11) and permission from the authorized personnel at each institution (i.e., the department or scientific meeting Chair).
Questionnaire
The original ERI instrument is a 23-item questionnaire that evaluates the 3 dimensions of the ERI model: extrinsic effort (measured by 6 items), extrinsic reward (measured by 11 items) and overcommitment (measured by 6 items). Based on the developer's recommendation 10) , a modified version was used whereby all 23 items were rated using a 4-point Likert scale ranging from strongly disagree to strongly agree. After variable recoding procedures, total effort, reward and overcommitment scores were calculated by the sum of the scores of the corresponding items. The theoretical range for the effort and overcommitment scales was 6-24, with higher values indicating more intense effort and overcommitment, respectively. The reward scale score range was 11-44, with lower values corresponding to less reward. These three components are all associated with the core theoretical ERI construct in a secondorder factor structure. The reward dimension may further be analyzed into three components named esteem, job promotion and job security 8) . Based on the ERI scale scores, two theoretically relevant summary measures were calculated. The first was the extrinsic effort/reward ratio constructed using the effort score as the nominator and the reward score, multiplied by a correction factor of 0.5454 (=6/11) to adjust for the number of items, as the denominator. This measurement provides an approximate estimate of the potential mismatch between extrinsic effort and reward at work. Individuals with scores in the upper tertile were considered to have an excessive asymmetry between costs and gains at work, which may expose them to increased psychosocial stress. The second theoretically critical measure was the overcommitment scale, whereby scores in the upper tertile indicate an unhealthy personal style of coping with occupational demands and reward expectancies. To determine the Greek ERI questionnaire's criterion validity, we followed a similar methodology to the one used for the original development of the instrument 8) . Accordingly, participants were asked to rate their perceived general health on a 6-point Likert scale ranging from very bad to very good. Self-rated health was transformed into a dichotomous variable (below/above average health).
Translation
The Minimal Translation Criteria established by the Medical Outcomes Trust 17) were followed during the translation of the ERI questionnaire from English to Greek. Accordingly, two independent bilingual Greek translators independently forward translated the English version of the ERI questionnaire into Greek, and a third reviewer (PM) reconciled the two versions. The reconciled Greek version was pilot tested in 10 health-care professionals, and a cognitive debriefing process was used to identify potential linguistic issues as well as the subjects' understanding of each item of the questionnaire. Relevant issues were discussed in a debriefing summary, and any necessary changes were incorporated into the questionnaire. This version was then given to a native English speaker and professional translator who was blinded to the original English version of the ERI instrument and who back-translated the reconciled Greek questionnaire into English. The back-translation was then sent to the developer of the original questionnaire (JS) for comparative review and comments. The final version ( Fig. 1 ) was retested in 10 health-care professionals, and a cognitive debriefing process was again undertaken. The values in parentheses represent the percentage of the study's 456 respondents. 
Statistical analysis
Data analysis was performed with SPSS-PC V.15.0. The internal consistency of the Greek ERI scales was assessed by examining the Cronbach's alpha coefficient and the corrected item-total correlations. Cronbach's alpha values >0.7 and corrected itemtotal correlations >0.3 were considered to be acceptable 15) . Exploratory factor analysis was performed using principal axis extraction and varimax rotation. Kaiser normalization was used to determine the optimal factorial solution. A Bartlett's test of sphericity with p<0.05 and a Kaiser-Meyer-Olkin (KMO) test of ≥0.7 were used to assess sample adequacy and appropriateness of factor analysis. Discriminative validity was evaluated by Kruskal-Wallis analysis of variance for multiple group comparisons and by the MannWhitney U test for two-group comparisons of the ERI scales between different age, gender and occupational groups. Criterion validity was assessed by binary logistic regression tests using the dichotomous coding of self-rated health (below/above average) as the dependent variable. A p-value of <0.05 was considered statistically significant. p values of post hoc paired comparisons were adjusted with the Bonferroni method.
Results
Study population
Participants' age distribution, genders and occupations are provided in Table 1 . Although the small sample of laboratory technicians was included in further analysis, repeated testing of all study calculations by excluding the laboratory technicians did not substantially alter any of the results provided in this study (data not shown). ERI ratio scores >1.0 were found in 368 respondents (80.7%). Tables 2 shows the mean scores for each measured ERI scale. 
Translation
The first pretested version of the Greek ERI questionnaire used the original two-step 5-point Likert scale response format for the effort and reward scales. One of the 10 health professionals (10%) reported problems understanding this choice format. No other specific problems were encountered during the translation and cognitive debriefing process. The developer of the original instrument commented that a Greek verb used in items ERI7 and ERI8 of the questionnaire was back-translated to "accept", a word that might result in imprecise interpretation of these questions by respondents. Following these suggestions, we adopted the simplified 4-point scheme for all ERI items and replaced the first verb on items ERI7 and ERI8 with a Greek word corresponding to the verb "receive" (Fig. 1) . Follow-up pilot testing of the revised Greek questionnaire showed that the instrument was comprehensible and easy to answer. Missing data among the 525 returned questionnaires ranged from 1 (0.2%) for items ERI8, ERI14 and OC3 to 14 (2.7%) for item 14. Overall, 69 of the 525 (13.1%) returned questionnaires had missing data for at least one of the 23 items.
Internal consistency
The Cronbach's alpha and corrected itemtotal correlation coefficients are shown in Table 2 . Reliability analysis of each ERI scale showed acceptable alpha values: 0.79 for effort, 0.72 for reward and 0.75 for overcommitment, indicating satisfactory internal consistency of the Greek ERI questionnaire. All corrected item-total correlation coefficients were above the threshold of 0.3, suggesting acceptable consistency of the items defining the respective scales with the exception of ERI13 (0.21) and ERI17 (0.24) ( Table 2) .
Factorial validity
The factor loadings and factorial structure of the Greek ERI questionnaire based on exploratory factor analysis are shown in Fig. 2 . The KMO measure of sampling adequacy was equal to 0.84, and Bartlett's test of sphericity was statistically significant (p<0.001), supporting the factorability of the correlation matrix obtained from the Greek ERI items. Kaiser's criterion yielded a 5-factorial solution with all effort items on factor 1, all overcommitment items on factor 2 and the reward items on the remaining 3 factors. This is consistent with the original theoretical ERI model by Siegrist et al. 8) , which postulated that the reward dimension is a latent factor constructed from the 3 domains of esteem rewards, job security rewards and promotion prospects rewards. The 5-factorial structure of the Greek ERI questionnaire accurately reflects the theoretical components of the ERI model with two minor exceptions: Item ERI15 (adequate respect and prestige at work) loaded more strongly on factor 3, and item ERI11 (poor job promotion prospects) loaded on factor 5 (Fig. 2) . We accordingly labelled factor 3 as reciprocal/fair job rewards, factor 4 as esteem rewards and factor 5 as job security and prospects rewards.
Discriminant validity
We assessed the discriminative validity of the Greek ERI test between different age groups, genders and health-care occupations and the results are shown in Table 3 . There was no significant effect of gender on the effort, overcommitment and ERI ratio scores. However, women reported significantly higher reward scores compared with men (p=0.008). Respondents in the 31-40 yr old age group had significantly higher effort, overcommitment and ERI ratio scores compared with health professionals ≤30 yr old (p values <0.05). There was no significant difference in the reward scale between these two groups. ERI measurements did not differ significantly between higher-aged (>40 yr old) and lower-aged (≤30 yr old) respondents. The ERI ratio and reward scores were also found to be significantly higher in 31-40-yearold participants compared with the higher-aged group (p=0.003 and p<0.001 respectively). Physicians and nurses did not differ significantly with regards to the effort and overcommitment scales. However, Greek nurses demonstrated significantly higher reward grades compared with physicians (p<0.001). Greek physicians had significantly higher ERI ratio scores as well as significantly lower reward scores compared with physiotherapists (p<0.05). Greek nurses also demonstrated significantly higher effort scores compared with physiotherapists (p=0.006).
Criterion validity
We evaluated one aspect of criterion validity of the Greek ERI instrument by assuming that health-care workers who scored high on the two theoretically critical summary measures (ERI ratio and overcommitment) would be at increased risk of having poor selfrated general health. This hypothesis was confirmed by logistic regression analyses, both unadjusted and after adjustment for respondent age, gender and occupation, as shown in Table 4 . Respondents with scores at the highest tertiles of the ERI ratio and overcommitment scale were significantly more likely to report below average self-rated health compared with those in the lowest tertiles. Respondents with an ERI ratio >1 were again significantly more likely to report below average general health compared with respondents with an ERI ratio <1 in both unadjusted (OR=5.36; 95% CI 1.27-22.62; p=0.022) and adjusted for age, gender and occupation (OR=4.98; 95% CI 1.16-21.43; p=0.031) multivariate analyses. These results demonstrate that the Greek version of the ERI questionnaire can detect groups of employees at risk for low selfrated health.
Floor or ceiling effects
We used the quality criteria recommended by Terwee et al. 18) to assess for floor or ceiling effects. The highest possible score of 24 was only achieved by 21 respondents (4.6%) for the effort scale and by 1 respondent (0.2%) for the overcommitment scale. The lowest reward score of 11 was not achieved by any respondent. Thus, floor and ceiling effects were found to be absent in our study in all three ERI scales, further supporting the strong psychometric quality of the Greek ERI instrument.
Discussion
The content validity of the Greek ERI questionnaire was supported by the pilot-testing and debriefing of an initial cohort of health-care professionals. Participants in the pilot-testing process found the uniform 4-point Likert scale, recently suggested by Siegrist et al. 10) and ultimately employed in the present study, to be acceptable and easier to understand compared with the more complicated response formats used in the original ERI instrument 8) . This was further supported by the low levels of missing data for the ERI items as well as the high overall response rate among the study's 600 health-care workers who received the questionnaire, which was significantly higher than what is typical in surveys of physicians 19) . The internal consistency of the ERI scales was satisfactory, although two items in the reward dimension demonstrated slightly lower corrected item-total correlation coefficients, indicating that these two questions show weaker item discrimination. Exploratory factor analysis of the Greek ERI instrument reproduced the original 5-factor ERI structure 8) with the effort and overcommitment dimensions demonstrating an identical factorial pattern to the original ERI model (Fig. 2) . The reward scale, which is considered to be a latent dimension consisting of 3 separate first-order factors, also demonstrated a similar factorial structure to the original ERI concept, with two interesting exceptions being items ERI15, which loaded on two separate factors, and ERI11, which clearly loaded on a separate factor compared with ERI14, ERI16 and ERI17. These results indicate slight variations in the psychometric properties of the Greek version compared with the original ERI questionnaire, which may be due to differences in concept interpretation, linguistic differences in emotionally toned words and other cultural nuances. It should be noted that in comparison to many previous linguistic and cultural adaptations of the ERI questionnaire that have yielded divergent factorial patterns (e.g., a 4-factorial instead of 5-factorial solution) [20] [21] [22] [23] , the Greek ERI factor structure replicated more closely the original ERI model. The 3-factorial components of the reward dimension in the Greek adaption were termed esteem rewards, reciprocal / fair job rewards and job security and prospects rewards, respectively. It should also be noted that although previous investigations have suggested that the question assessing physical workload effort (item ERI5) can be omitted in white-collar occupation samples, we decided to include it in the present study because we hypothesized that physical workload may be a more prominent part of the daily task profile of Greek health professionals due to the distinct characteristics of the Greek health care work environment as indicated by several previous reports [24] [25] [26] . Indeed, this item demonstrated satisfactory internal consistency, discrimination and factorial properties in our sample, suggesting that the six-item version of the effort scale may be used in Greek health-care workers.
Although research has shown that the dichotomized measure of the ERI ratio (with values >1.0 indicating an imbalance between high effort and low reward) can result in significant information reduction 27) , the fact that a considerable majority of Greek health-care workers (80.7%) had a >1.0 ERI ratio is indicative of a substantial effort-reward mismatch in this population. Data from other countries have consistently shown high levels of ERI and its association with adverse health events in health-care professionals [28] [29] [30] [31] . Additional research will therefore be required to further corroborate and elucidate the potential impact of the occupational effort and reward asymmetry on the performance and health of Greek health-care employees.
The results of the present study did not indicate gender differences with regard to effort and overcommitment among Greek health-care workers. However, women scored significantly higher on the reward dimension compared with men. The effect of gender on the reward scale has not been consistent across different populations, with some studies reporting higher or no difference in rewards scores of men compared with women 8, 32) , while others have indicated a reverse effect 21, 28) that is in agreement with the present findings. Furthermore, we found that health-care workers in the middle age group of our study sample demonstrated significantly higher ERI ratio scores compared with the youngest and oldest age groups. This finding is consistent with previous data in a population of German workers 10) , although other investigations have reported different patterns or no significant association between age and ERI scales 20, 32) . The age-specific pattern observed in the present Greek population of health-care workers is particularly important, as stronger associations between effortreward imbalance and physiological outcomes have been reported in middle-aged populations compared with younger or older adults 33) . Variability in ERI ratio scores may be attributed to differences in career perspectives, expectations and personal challenges across age strata. In addition, occupation-specific differences were noted among Greek health-care professionals, with physicians reporting significantly lower occupational reward compared with nurses and physiotherapists. Greek physiotherapists also demonstrated significantly lower ERI ratio scores compared with physicians as well as significantly lower effort scores compared with nurses. Further research will be required to clarify the components of gender-, age-and occupation-specific ERI and job stress among Greek workers, taking into consideration the Greek cultural background, working environment and idiosyncrasies of the labor market and system. With regards to criterion validity, the present study demonstrated that Greek health-care workers scoring in the upper ERI ratio and overcommitment tertiles were significantly more likely to report below-average general health independently of age, gender or specific occupation. Although the categorization of continuous measures may result in considerable loss of information, several studies have shown that upper tertile ERI ratio and overcommitment scores are associated with elevated odds of poor self-rated health 8, 34) , and previous investigations have shown that such analyses based in categorizations are comparable to continuous measures 35, 36) . The limitations of this study include the crosssectional design, which prevented determination of causality. Although prospective studies in different populations have shown a causal association of the ERI components with adverse psychosomatic effects 1, 4, 5) , future research should investigate the associations of the Greek ERI questionnaire with objective measurements of health. Reporting bias is also a possible confounder of the observed relationship between ERI measurements and subjective health, since the present study did not control for the effects of personal style responses such as negative affectivity. On the other hand, several previous investigations have shown that such factors do not invalidate the association of ERI scales with health 37, 38) . Attrition analyses could not be performed due to the lack of detailed demographic records for public employees in Greece as well as the fact that we were unable to collect any further data on nonrespondents, in order to fully protect their anonymity. It should also be noted that the samples included in this study were somewhat heterogeneous in terms of professions, consisting mainly of physicians, nurses and physiotherapists. This heterogeneity was intentional, as it allowed the Greek ERI instrument to be tested in a broader spectrum of health-care professionals. Given the relatively robust factorial structure and internal consistency, it is unlikely that the psychometric parameters presented here vary substantially between subgroups. However, the results of the present study may only be generalized in physicians, nurses and physiotherapists, and further testing of the instrument should be conducted across occupational groups and sectors other than health care. It should also be noted that although no floor or ceiling effects were detected in our study, future investigations should remain vigilant for the emergence of such effects in the Greek population as the economic crisis continues.
In conclusion, the present study demonstrated that the Greek translated ERI questionnaire is a reliable and psychometrically valid tool for the assessment of asymmetric exchanges between occupational effort and rewards in health-care workers. Our findings indicate satisfactory properties in terms of internal consistency as well as factorial, discriminative and criterion validity. Furthermore, this study adds to a growing body of evidence demonstrating the applicability of a simplified, uniform response format used in all ERI scales. The Greek ERI instrument is available for epidemiologic studies on occupational stress and health and can be used to guide future individual and organizational interventions. To this aim, future studies should additionally investigate the psychometric properties of shorter versions of the Greek ERI instrument 10, 39) that can be even more easily utilized in large-scale investigations.
